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(54) Abstract Title 

Magnetron with increases stability 

(57) A magnetron comprises a plurality of anode vanes 12-19 and straps 20, 21, 22 in contact ith alternate 
ones of the vanes. Each strap comprises an open ring having two free end portions. The end portions of each 
pair overlap in a spaced relationship to provide a capacitance in use. The provision of a capacitance in the or 
each, strap ring increases the stability of operation of the magnetron in the wanted k mode and limits 
oscillations at undesired frequencies. Preferably, the capacitance is variable. This may be realised by arranginq 
so that the relative distance between the end portions is adjustable. In a further described embodiment (Fig 8) 
an intermediate strap portion (46) is used along with the open ring strap free ends (49, 50) to provide the 
capacitance. 
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1 P/63275.GBA/VMIC 
MAGNETRONS 

This invention relates to magnetrons. 

Magnetrons are well-known vacuum electron discharge devices used to generate 
electromagnetic fields in the microwave frequency range. A typical magnetron 
5 comprises a cylindrical cathode, a cylindrical anode surrounding the cathode and a 
plurality of resonant cavities formed in the anode by either slots or vanes. An electric 
field is established between the cathode and the anode, and a magnetic field is applied 
perpendicular to the electric field in the so-called interaction region, which is the space 
between the cathode and the resonant cavities in the anode. When the value of E/H is 
10 suitable, electrons emitted from the cathode interact with the electric and magnetic 
fields to generate microwave energy of a frequency determined by the parameters and 
the resonance characteristics of the cavities. 

A known problem with magnetrons is that of moding; that is, significant cavity 
15 responses occur at frequencies other than the frequency for which the magnetron is 
designed to operate. The concept of anode strapping was devised as a solution to this 
problem. 

Strapping, as conventionally understood, is the joining of alternate anode vanes by 
20 means of a closed ring. Each pair of vanes forms a resonant cavity therebetween, and 
all such cavities are maintained at the same electrical potential. Thus, alternate anode 
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vanes are locked into operation in the desired mode, known as the n mode, which node 
has node points of the same distance apart as the distance between alternate vanes. 

Conventionally, strap breaks arc provided, which serve to disrupt the rf field pattern of 
5 unwanted modes in the interaction space. However, a drawback of this approach is that 
it increases the frequency separation of the modes of operation. Recent proposed ITU 
regulations place limits on the spread of frequency output of such devices. 

The invention provides a magnetron comprising a plurality of anode vanes and a strap in 
10 contact with alternate ones of the vanes, the strap comprising an open ring having end 
portions arranged to overlap in a spaced relationship so as to provide a capacitance in 
use. 

The provision of a capacitance in the strap ring increases the stability of operation of the 
15 magnetron in the wanted mode and limits oscillations at undesircd frequencies. 

Preferably, the capacitance is variable. This may be realised by arranging so that the 
relative distance between the end portions is adjustable. Alternatively, the effective size 
of one or each of the end portions could be adjusted to give a corresponding change in 
20 capacitance. The provision of a variable capacitance pennits the undesired re- 1 mode to 
be retuned to a different frequency range. 
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Alternatively, the strap arrangement can take the fomi of an open ring with an 
intermediate strap member. In. this arrangement, the end portions of the ring do not 
overlap each other, but instead overlap end portions of the intermediate member. 

5 The invention is not limited to magnetrons having vane-type anodes. The arrangement 
of straps having overlapping end portions may be applied to magnetrons having hole- 
and-slot type anodes. 

A dielectric material and/or an r.f. lossy material may be provided between overlapping 
10 end portions. These materials may take the form of coatings on the end portions. 

The invention will now be described, by way of example, with reference to the 
accompanying drawings, in which: - 

15 Figure 1 is a plan view of the anode and strap arrangement of a conventional 



magnetron; 



Figure 2 is a perspective view of vanes of the anode arrangement of Figure I; 



20 



Figure 3 is a perspective view of the anode vanes and strap arrangement of a 



magnetron constructed according to the invention; 



Figure 4 is a graph illustrating magnetron output power against frequency, for 
both a conventional magnetron and one constructed according to the invention; 
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Figure 5 is a perspective view of anode vanes and a strap arrangement of a 
magnetron constructed according to an alternative embodiment of the invention; 

Figure 6 is a perspective view of anode vanes and a strap arrangement of a 
magnetron constructed according to a further alternative embodiment of the 
invention; 

Figure 7 is a perspective view of anode vanes and a strap arrangement of a 
magnetron constructed according to a further alternative embodiment of the 
invention; 

Figure 8 is a front view, partly in section, of an anode vane and strap 
arrangement of a magnetron constructed according to a further alternative 
embodiment of the invention; and 

Figure 9 illustrates a strap arrangement for a magnetron constructed according to 
a further alternative embodiment of the invention. 

Like reference numerals have been given to like parts throughout the specification. 



With reference to Figures 1 and 2, a conventional typical anode arrangement is 
illustrated. The anode arrangement comprises a cylindrical anode wall, indicated 
generally by the reference numeral 1, and a plurality of anode vanes, four of which 2-5 
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are illustrated in both Figures 1 and 2. The anode vanes extend radially inwardly from 
the inner wall of the cylindrical anode 1. A plurality of straps 6, 7, and 8 for the vanes 
are also illustrated. Strap 6 contacts alternate anode vanes, such as vanes 3 and 5, and is 
spaced from the other vanes, such as vanes 2 and 4. Cut-out regions 2', 2" and 4\ 4"in 
the vanes 2 and 4 respectively help to ensure that the strap 6 does not come into contact 
with these vanes. Strap 7 contacts those anode vanes that are not contacted by the strap 
6 i.e. it contacts vanes 2 and 4. This strap is also spaced from the other alternate vanes, 
such as vanes 3 and 5. Similar cut-outs 3' and 5' in vanes 3 and 5 respectively help to 
ensure that the strap 7 does not come into contact with them. The third strap 8 is in 
contact with the same vanes as is the strap 6. The purpose of this extra strap is to 
balance the n mode r.f. field at the cathode. This is described in our UK Patent 
No,2054256. 

The straps 6, 7, 8 comprise concentric rings, typically made of silver-plated copper. 
The rings shown in Figures 1 and 2 are open rings; i.e. they each have a so-called strap 
break 9 to irrespectively. Typically, the breaks 9 to 1 1 are a little longer than the 
width of a vane, although this need not be the case. In this drawing, the strap breaks 9 
to 1 1 are located over anode vanes, but other arrangements are possible. Although the 
strap breaks 9 to 1 1 are necessary to prohibit flow of current between the vanes, they 
tend to cause greater frequency separation between the ti mode of operation and the n-l 



mode. 



Part of a magnetron constructed according to the invention is shown in Figure 3. There 
is a plurality of vanes 12 to 19, alternate ones of which are connected electrically by 
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straps 20 to 22 comprising open rings. Straps 20 and 22 electrically connect vanes 13, 
15, 17 and 19. Strap 21 electrically connects vanes 12, 14, 16 and 18. Each strap has a 
pair of end portions that define the corresponding strap break. Strap 20 has end portions 
23 and 24, strap 21 has end portions 25 and 26 and strap 22 has end portions 27 and 28. 
5 In accordance with the invention, the end portions of each pair are extended and overlap 
to the extent that they function as the plates of a capacitor. 

The capacitance thus provided helps to stabilise the desired n mode of operation of the 
magnetron by limiting the start-up gain of the ti-1 mode. The ends 23 to 28 of the straps 
10 have been flattened in this embodiment to increase further the available capacitance. 

In this embodiment the end portions 23 to 28 of the straps arc not fixed. Thus the 
capacitance provided by the ends 23 to 28 may be varied by adjusting the separation of 
the overlapping free end portions. This may be effected by moving either end portion or 
15 both end portions of each pair. An alternative method of changing the capacitance is to 
change the effective size of one or both of the end portions. 

The provision of a selectively variable capacitance permits the tc-1 mode of operation to 
be tuned to a different frequency whilst leaving the frequency of operation of the n 
20 mode largely unaffected. This is illustrated by the graph of Figure 4. 

This graph represents the magnetron output across a range of frequencies (the X-band). 
The line indicated by the reference numeral 29 represents the output from a magnetron 
employing a conventional strapping arrangement, such as that shown in Figures 1 and 2. 



7 P/63275.GBA/VMIC 
The main output peak occurs at approximately 9.45 GHz, which represents the n mode, 
i.e., the desired mode of operation. However, there is a secondary peak occurring at 
approximately 9.95 GHz. This represents the undesired n-l mode of operation. 

The bold line on the graph, represented by the reference numeral 30, represents the 
output achievable from a magnetron constructed according to the invention. The 
provision of a capacitance, particularly a variable one, between the free end portions of 
each strap, permits the n -1 mode to be retuned to a lower frequency band. In this 
drawing, the secondary peak associated with the n -1 mode is just discernible to the left 
of the primary peak associated with the n mode. It is noteworthy that this has had 
negligible effect on the frequency of the it mode. 

The embodiment of Figure 3 shows the free end portions in a side-by-side spaced 
relationship. In the alternative embodiment of Figure 5, the straps have free end 
portions 3 1 to 36, some of which are arranged to overlap, one above the other. In 
Figure 5, the end portion 32 of the first strap is located over the end portion 3 1 . The end 
portions 33 and 34 of the second strap do not overlap, but provide a conventional strap 
break. The end portion 35 of the third strap overlaps over the end portion 36. 

In the alternative arrangement of Figure 6, the straps 37-39 have an "L"-shaped cross- 
section, i.e. part 37', 38', 39' of the strap is horizontal, and part 37", 38", 39" is 
upstanding. The horizontal part 37', 38', 39' of the strap is attachable to alternate anode 
vanes. Straps 37 and 39 have strap breaks, and the end portions of these straps are 
arranged to overlap. This strap arrangement is simple to manufacture, is easily attached 
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to the vanes and is also mechanically stable. This type of arrangement need not take on 
this exact configuration. For example, the upstanding portions 37", 39" of the straps 
37, 39 may be arranged back-to-back in a spaced relationship, so that the horizontal 
parts 37', 39' are not located between the region of overlap. Alternatively, or 
5 additionally, the straps may be mounted with the horizontal parts 37', 39' uppermost. 

Figure 7 illustrates an embodiment wherein not all of the end portions are free. In this 
arrangement, end portion 40 of strap 41 and end portion 42 of strap 43 are affixed to the 
same anode vane at different points. The other corresponding end portions 44, 45 of 
10 straps 41; 43 arc free and overlap the fixed end portions 40, 42 respectively. The free 
end portions 44, 45 can be moved in order to vary the available capacitance to a desired 
magnitude. 

Of course, the invention is not limited to strap arrangements having just two end 
portions. In the arrangement of figure 8, an intermediate strap member 46 is provided 
having two end portions 47, 48. Each end portion 47, 48 is arranged to overlap, in a 
spaced relationship, respective end portions 49, 50 of an open ring-type strap 51. The 
intermediate strap 46 is affixed to a vane 52. The end portions 49, 50 of the ring may be 
free, so that the capacitance provided by either or both overlapping regions may be 
varied. 

Figure 9 illustrates part of a strap suitable for putting into effect a further variant of the 
invention. In this drawing, one of the end portions 53 has tines 54, 55. The 
corresponding other end portion 56 is interposed between these tines, so that the area of 
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overlap is located between the tines. Of course, both end portions could have a plurality 
of tines, arranged so that the tines of one end portion are interpolated with the tines of 
the other end portion to form an interdigital-type capacitor. 

5 Further variations may be made without departing from the scope of the invention. For 
example, more or fewer anode vane straps may be provided, and not all of these need be 
arranged to provide capacitance. A combination of fixed and variable capacitance may 
be provided by arranging for some free end portions to be held in a fixed spaced 
relationship, while other end portions can be arranged to be movable. 

10 

As a further variation, a dielectric medium may be provided between the free end 
portions to improve capacitance further. This medium may be deformable to allow 
adjustment of the relative positions of the end portions. The dielectric may take the 
form of a coating on the end portions. 

15 

An r.f. lossy material may be provided between the overlapping portions, and this may 
also take the form of a coating. 
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The invention is also applicable to magnetrons having different anode structures, for 
example, the hole-and-slot type anode. 
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CLAIMS 



1 . A magnetron comprising a plurality of anode vanes and a strap in contact with 
alternate ones of the vanes, the strap comprising an open ring having end portions 
arranged to overlap in a spaced relationship so as to provide a capacitance in use. 

2. A magnetron comprising a plurality of anode vanes and a strap arrangement 
comprising an open ring in contact with alternate ones of the vanes, the ring having end 
portions, and an intermediate strap member having at least one end portion, wherein an 
end portion of the intermediate strap member is arranged to overlap an end portion of 
the ring in a spaced relationship so as to provide a capacitance in use. 

3. A magnetron comprising an anode of the hole-and-slot type and a strap 
arrangement for the anode having end portions arranged to overlap in a spaced 
relationship so as to provide a capacitance in use. 

4. A magnetron as claimed in any preceding claim, wherein the spaced relationship 
is variable, so that a variable capacitance is provided. 

5. A magnetron as claimed in claim 4, wherein the spaced relationship is varied by 
ad justment of the position of at least one of the end portions. 



6: A magnetron as claimed in claim 5, wherein at least some of the end portions arc 
free, and the spaced relationship is varied by adjustment of at least one of the free end 
portions. 
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7. A magnetron as claimed in any preceding claim, further comprising a dielectric 
medium between overlapping end portions. 

8. A magnetron as claimed in claim 7, wherein at least one end portion is coated 
with the dielectric medium. 

9. A magnetron as claimed in any preceding claim, further comprising an r.f. lossy 
material between overlapping end portions. 

10. A magnetron as claimed in claim 9, wherein at least one end portion is coated 
with the r.f. lossy material. 

11. A magnetron, substantially as hereinbefore described with reference to, or as 
illustrated in, the accompanying drawings. 

12. A strap arrangement for a magnetron, comprising an open ring having two end 
portions, wherein the end portions overlap in a spaced relationship. 4 

13. A strap arrangement for a magnetron, comprising an open ring having two end 
portions and an intermediate strap member haying at least one end portion, wherein an 
end portion of the intermediate strap member is arranged to overlap an end portion of 
the ring in a spaced relationship. 
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14. A method of operating a magnetron, including the step of stabilising the n mode 
of operation by providing a capacitance between the free end portions of an anode strap 
comprising an open ring. 

15. A method as claimed in claim 14, further comprising the step of tuning the n- 1 
mode to within a desired range of frequencies by arranging the capacitance to be 
variable. 

1 6. A method of operating a magnetron, substantially as herein before described 
with reference to, or as illustrated in, the accompanying drawings. 
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